ABSTRACT
Introduction
Rapid increases of extinction of species because of habitat destruction, agricultural transformation, the dominance of alien invasive species, and extraction for medicinal purpose or over harvesting for domestic purpose have heightened importance of biodiversity studies in wetlands (Kerr and Ostrovsky, 2003; Kerr and Deguise, 2004; Hastings et al., 2005; Sinclair and Byrom, 2006) . Recently, reported that 844 of species were extinct from the world because of various reasons and 29 % are threatened species. In addition, 34 % of gymnosperms are globally threatened (IUCN, 2004) .
For thousands of years wetlands have provided mankind with an almost inexhaustible source of food, building and utility materials. Today also wetlands are containing a large part of the world's as a biological heritage (Goldewijk, 2004; Hermoso et al., 2012; Rooney et al., 2013) . Wetlands have been identified as a most dynamic ecosystem among other natural ecosystems. It provides habitats for the associated floral and faunal communities by permanent or temporary accumulation of water (William and Gosselink, 1986; Gibbs, 1993; Gibbs, 2000) . Wetlands are categorized into different types based on basically whether it holds fresh, brackish or salt water, whether the water is stagnant or flowing, or whether it has a permanent or seasonal character (Bornette et al., 2008; Więski et al., 2010) . Swamp wetlands dominated by trees or shrubs and frequently or continually inundated wetlands characterized by emergent herbaceous vegetation to saturated soil conditions is called as marsh (William and Gosselink, 1986) .
Wetlands are also important in conservation of gene pools of wild varieties of crop, fish, amphibian and endemic tree species (Siwakoti and Tiwari, 2007) . Wetland vegetation influences hydrological conditions by trapping and binding sediments to reduce erosion, by interrupting water flows, and by building peat deposits (Gosselink, 1984) . In the past, wetlands were considered as wastelands that could be reclaimed or changed for use by mankind. Development initiatives have regarded these areas suited only for such purposes, and as a consequence, many wetlands have been drained or used as dump sites for refuse and urban waste (CEA and IUCN, 2006) . Sri Lanka has an extensive network of rivers and streams that drains a total of 103 distinct natural river basins and there are 28 river basin area are exceeding 500 km 2 . The most of river basins are perennial (Arumugam, 1969; De Silva, 1988) . Therefore, a country rich with freshwater wetlands and these wetlands is vested under the Fauna and Flora Protection Ordinance of 1938 and its amendments with the wildlife sector (Gazzate, 1938) . However, for a number of reasons, due recognition for the importance of conserving wetlands in the country has not effectively come off the ground until recently (CEA and IUCN, 2006) . Many wetlands are being encroached by industrial facilities, roads, development projects and settlements which led to threatening of biodiversity and wetland functions (Amarathunga and Hitinayake, 2012; CEA and IUCN, 2006) . Gin River associated wetlands still not studied well and its diversity with complex and functions are still unknown. Recently, many reported suggests that higher suspended sediment and nutrient flowing from upper catchment to downstream because of anthropogenic activities (Amarathunga et al., 2013a ; Amarathunga et al., 2013b) and wetland are important for pollutant trapping (Rogers et al., 2009; Amarathunga and Hitinayake, 2012) . Therefore, the study was conducted to understand the structure with the composition of flora in wetland and main anthropogenic activities threats to flora. In addition, the study was focused to natural impacts threatening to the biodiversity of wetlands including water quality changes.
Methodology

Study Area
Gin River (Gin Ganga) which starts from Gongala mountain region with Sinharaja forest and end at sea at Ginthota. Gin Ganga associated wetland is located in the southern lowland belonging to Gintota and Hikkaduwa secretariat divisions in Galle district and nourishing by Gin river which experiences a hot tropical climate (Arumugam, 1969; Survey Department, 1988; Bandara, 1990) . The mean annual temperature remains around 28°C -31°C throughout the year, prolong two main monsoons from the Indian Ocean affecting the rainfall and humidity (Survey Department, 1988) . Average rainfall is about 25000 mm. The south -west monsoon affects the area from May to September, with rainfall levels increasing from March to April, when as much as 300mm or above can fall during this period (Survey Department, 1988) . Figure 1 illustrates rainfall variation near wetland and it shows high rainfall from two monsoon periods. The natural vegetation of the study area was characterized by mangroves and other wetland plants and because of nearness to the sea, salt water impact also influence to the biodiversity of wetland marsh (Figure 2 ). The area was consisting with Red-yellow podzolic soil with alluvial of variable drainage and texture in the area (Mapa et al., 1999) . The landform of the area is undulating and deep weathering of rocks, as observed in embankments and cuttings, have resulted in the development of low ferruginous clays and sand that have been washed down during erosion and have collected in the areas such as marsh lands. Theses soil exhibit poor drainage capacities that could inhibit normal root growth in plant species.
Figure 2. Sampling locations of the study area
Sample Collection and Identification
Flora
Field surveys were carried out to identify the plant species. Flora of the wetland islet were sampled using 10m x 10m quadrate sampling plots (ST) laid at different locations (15) based on the random sampling techniques (Kaiser, 1983; Zeleny and Chytry, 2007) . Two belt transact visits were carried out to discover wetland flora other than quadrat sampling; one transact visit was done through inland forest were and the other was done within the seasonally flood wetland area. Also, unidentified specimens from wetlands were collected. The results were used to discover the dominant plant species, invasive species, native species, introduced species, endangered species, diversity and comparisons with other wetland ecosystems. Plant species were identified using Flora of Ceylon (1980 Ceylon ( -1987 , Handbook to the flora of Ceylon (Trimen, 1893) common trees and shrubs in Sri Lanka (Ashton et al., 1997) and a checklist of flowering plant of Sri Lanka (Senaratna, 2001) . The specimens that could not be identified in the field were tagged. Those specimens were sent to compare with herbarium specimens at the Royal Botanical Garden in Peradeniya. When the species density was very high (more than 50), randomized 1m x 1m sub-plots were adopted and recounted. The median values of each plot were obtained and calculations were done to get the actual figure.
Water Sampling and Analysis
Three sampling locations were selected according to random sampling techniques to get water samples considering upper part, inside wetland and after passing the wetland ( Figure 2 ). Subsurface water samples were collected from middle at 50cm to 100 cm depth in the stream and in-situ analysis was done in water temperature, pH, dissolved oxygen (DO), electrical conductivity (EC), turbidity, suspended sediment and salinity. Additionally, samples were tested for nutrient parameters, such as nitrate nitrogen, nitrite nitrogen, ammonia nitrogen and dissolve phosphorus (APHA, 1998).
Secondary Data Collection
Participatory Rural Appraisals (PRA) and discussions were made to gather information from adjacent people in the wetland marsh. Knowledgeable local people who are distributed in that area were consulted. Thereafter preliminary field study was carried out to identify habitants and distribution of plant species in the wetland. Secondary Data were collected from Gintota and Hikkaduwa Secretariat Divisions in Galle District.
Statistical Analysis
Biodiversity statistical software (biodiversity pro) used for statistical analysis. Shannon -Wener Diversity Index was used to characterize species diversity in the eco-community and its account for both abundance and evenness of the species present. The proportion of species (i) relative to the total number of species (A = πr 2 ) is calculated, and then multiplied by the natural logarithm of this proportion (Ln pi). The resulting product is summed across species, and multiplied by (-1):
(1)
In addition, species richness (S), total abundance and evenness were calculated. Cluster analysis was done using SPSS statistical software. Standard deviation and the mean values were calculated for each of the above parameters calculated from samples taken from both disturbed and undisturbed areas. Also, mean and standard deviation of water quality parameters calculated using SPSS statistical software.
Results and Discussion
Landscape and Physical Features
Basically, Gin river associated wetland in Ginthota is categorized into the intertidal forested wetland. There are river streams and marshy lands. It has many isolated wetland islets with islands. Some of the islets interconnected with small strips of scrub wetland forests. Mangrove mixed swamps and scrub forest extents were relatively higher in the wetland. In addition to that, a very small area of inland forest coverage is present. The wetland covered approximately 15 hectares, out of which, approximately 10 hectares are marshy lands. Approximately 2 hectares come under the coastal line, whilst the widely spread patches of mangroves cover about a hectare. Apart from that, 2 hectares of the observed land area gets flooded seasonally or permanently. The rest of the solid ground is under woody bushes.
Vegetation Types and Floral Diversity in the Wetland
The study area is consisting with different habitats; undisturbed forest lands, abandoned agricultural lands, and agriculture areas with various biodiversity levels. Fifty seven species of plants of twenty three different families were identified under quadratic sampling and transact visit in the study areas. One endemic species were identified in this area and among them, forty eight were native and six species were introduced. Three dominant plant species were identified from the entire ecosystem; i.e. Sonneratia caseolaris, Annona glabra and Acrosricum auriyam. The total plant species were listed in Annex 1.
Major differences of higher undergrowth in the inland forest areas and seasonally flood swamp forest were noted during the transact visit. Inland forest patches consist on three distinct vegetation strata characterized in this habitat. The dominant mangrove species occurring in swamp forest habitats were Sonneratia caseolaris. Also, the major mangrove species found there were, Nypa fruticans, Bruguiera gymnorrhiza, and Sonneratia caseolaris. Of these four mangrove species, Kirala and Mal Kadol were categorize as very common, true mangrove plant species in Sri Lanka (Silva and Silva, 1998) .
Gin Pol was categorized as common and endangered mangrove plant species (MOE, 2012) . Abandon agricultural lands, mostly covered by introducing plant species such as; Alocasia macrorrhizos and an invasive alien species Annona glabra were recorded at the site. This has been identified as a threatening, invasive species in some other Sri Lankan habitats as well (Bambaradeniya, 2001 ). In addition, Merremia hederacea and Mikania scandens are covering the entire open lands.
The computed Shannon-Wener diversity index was 1.24, which was calculated by selecting fifteen plots randomly, on behalf of the whole ecology of the wetland marsh. However, the eight plots were laid in the undisturbed land and the computed diversity index was 1.72 which is greater than the calculated diversity index (1.24) for the whole wetland marsh. In addition, seven plots were laid in the disturbed land areas and computed diversity index was 0.68, which is lower than the calculated diversity index (1.24) for the whole wetland marsh.
The lowest values of the diversity index from agriculture land and it was highly impacted entire disturb area diversity index. According to the Shannon-Wener Diversity Index of disturbed areas, the plot ST-4 was gaining very minute value compared to ST-3, which was gaining the highest value. Table 1 shows a clear variation of diversity index difference between disturbed and undisturbed areas. Using the above mean values the percentage reduction in biodiversity in both disturbed and undisturbed areas was estimated. It was found that there is a 60.3% reduction of biodiversity in the disturbed area. This is more than 50% reduction. It is reduced at an alarming rate. If this continues further it will reach a level where the biodiversity cannot be recovered. The species richness was computed, 7.4 recorded as for the entire ecosystem. However, undisturbed area was recorded 8.63 which are higher than the entire ecosystem. Also, 6.0 species richness was recorded in disturb area. Table 1 illustrated a clear variation of species richness between disturbed and undisturbed areas. The highest species richness belongs to plot number ST-3 and the lowest value belongs to ST-12. But some plots in the undisturbed areas also contain very low values of species richness. They are (ST-1, . Because these three plots were situated in the permanent flooding areas of the study area. In addition, computed total abundance for entire ecosystem is given in Table 2 , based on the 15 quadratic sampling. The computed total abundance from disturb area was around 8917 and from the undisturbed area is 18998.
Figure 3. Results of the cluster analysis for Shannon-Wener Diversity Index
Based on the study, forty eight species were identified as native species, six species were introduced and Argyreia populifolia (Girithilla) was endemic to the study area. Also, every index showed a clear variation between the disturbed and undisturbed areas (Table 1) . Pooled t test was carried out for the collected data. It revealed that there were significant differences between species richness and Shannon-Wener Diversity Index of undisturbed and disturbed area.
Statistical analysis showed, major two clusters, low diversity index and high diversity index which is illustrated in Figure 3 . ST-2, ST-13 and ST4 belong to low Shannon-Wener diversity Index cluster. High diversity cluster again separates to another two clusters and ST-1, ST-3, ST-10, ST-11, ST-14 and ST-15 belong to highest Shannon-Wener Diversity Index which belongs to undisturbed area. Results reveal that medium level Shannon-Wener Diversity also presents in disturb area of the forest. The summary of the biodiversity indices of the study area illustrated in the Table 2 . 
Water Quality Impact
Gin Ganga basin mainly experiences southwest monsoon rain from May to September and floods are usually experienced during south-west monsoon and second inter monsoon (October -November). Significant amount of suspended sediment was brought through the river from the upper and middle catchment during the rainey period (Figure 4 ).
Figure 4. Relationship between rainfall and suspended sediment concentration in downstream
The water quality of the three sampling locations (before wetland, inside wetland and after passing the wetland) is illustrated in Table 3 . These results indicate that there are no significant differences in pH in wetland marsh and reference point. There was a significant difference in the water temperature in the wetland and other sampling locations (Table 3 ). The many factors influencing to water temperature in the stream such as, seasonality, daily time scales, locations due to climate, elevation and streamside vegetation (Allan, 1995) . The study revealed that the lower levels of temperatures were recorded where the samples collected in forest areas (inland and swamp forest) and there were no significant seasonal water temperature variation in the sub-catchment (26.0 ± 1.0), because the seasonal changes in water temperature closely follow seasonal trends in mean monthly air temperature (Allan, 1995) . Thus, the measured air temperature was varied between 29.5 o C to 33.0 o C in the wetland area during the study period. 38. 93 ± 17.5 (9.6 -60.9) 33.32 ± 14.2 ( 9.1 -51.6) 25. 43 ± 12.8 ( 9.1 -51.6) Saturation of dissolved oxygen concentrations was occasionally observed in the wetland and low level of dissolved oxygen concentrations was observed in the wetland when compared with other two sampling locations. Nitrogen and phosphorus were the major factors responsible for the productivity of a water body and also indicative of the anthropogenic activities (Frumin and Gildeeva, 2014) . Ammonia nitrogen, nitrite nitrogen, nitrate nitrogen and dissolve phosphate concentrations, these four parameters were behaving more or less similar and a reduction in concentrations was observed from the wetland marsh and after passing of it. Significant differences of turbidity values were observed three sampling locations and reveal that, after passing the wetland turbidity decreases. Amarathunga (2014) reported that, high amount of suspended sediment concentrations was recorded in the middle and lower catchments of Gin River basin and also, results reveal that, before wetland suspended sediment concentrations was higher than in wetland and after wetland sampling locations (Table 3) . Rogers et al., 2009; Shadrack et al., 2015 are reported that wetland are acting as a sediment trap based on their flow. Therefore, it can assume that, Gin river associated wetland with downstream is retained suspended sediment.
Threats to Biodiversity
According to the observations made during the survey, several anthropogenic activities were posing a threat to the biodiversity associated with the Wetland marsh in the Gin Ganga. The major threats that affected the biodiversity can be summarized as: agriculture activities, direct exploitation of species and deforestation, unregulated animal husbandry activities, spread of invasive alien species and development activities.
Agriculture Activities
Agricultural activities had mainly concentrated near rivers, because river floodplains were exceptionally fertile due to many nutrients that were deposited in the soil when the river overflew. Also less pest and disease problems occurred, as the river acted as a geological barrier. River provided free transport for their products. However, the clearing of the forest land is the most destructive action on the wetland for agriculture purposes. They remove valuable plant species, including mangroves. It causes many environmental impacts to the area; biodiversity loss, bund erosion and endanger the natural habitats of the plant and animal species.
Direct Exploitation of Species and Deforestation
Village communities harvest plant species as medicinal plants, as an ornament or their day to day activities. This was not done in a sustainable manner. However, mangrove trees and other tree species were cut in an unsustainable manner of different household uses. Also the trees were used as fire for the distillery process in illegal liquor preparation and the ultimate result is deforestation.
Spread of Alien Invasive Species
Annona glabra was found to be an invasive species growing in this ecosystem. It was recorded in 10 plots out of the 15 considered for the study. This has already been recorded as an invasive species in other areas of the country (Amarathunga and Hitinayake, 2012) .
Unregulated Animal Husbandry Activities
The grasslands of the Ginthota area are overgrazed by cattle and buffalo roaming freely. Several grasslands had been eroded due to overgrazing. These animals had also facilitated the spread of invasive alien plants. Buffalos used to wallow in muddy conditions causing most of the land areas to become unsuitable for plant ecosystems. Human interference in these ecosystems also became higher due to animal husbandry. A commercial cultivation of prawns was on the way to be established in this area which can be an immense disaster to the ecosystem.
Development Activities
Encroachment of the ecosystem for building of houses was a common practice near the boundaries of the wetland. The people of the area intruded the natural ecosystem to expand their lands. The present study has clearly revealed that the wetland area harbours a rich biodiversity, including a wide variety of ecosystems, habitats and species. The area served as a refuge for several endemic as well as threatened species of plants. Tourism is the potential threat in the future to this wetland because of land-use and development activities. Three major sources of pollution (industry, agriculture and domestic) were concentrated along the wetland. As in this cause industries and cities had been located along rivers because the rivers provide transportation and convenient place to discharge waste.
Conclusions
The Gin river associated wetland is important ecosystem and fifty seven plant species belong in to twenty three families were recorded. One highly endangered species Nypa fruiticans and one endemic species Argyreia populifolia (Girithilla) were observed. Forty eight native species and five introduced species were also found. In addition, results clearly illustrate that, there is a significant diversity, difference in the vegetation between disturbed and undisturbed areas of the site. The undisturbed area is rich in biodiversity. However, the biodiversity in the disturbed area is at a very alarming position. It is in a state where it's difficult easy to recover. Water quality parameters are under normal conditions except turbidity and results reveal that, turbidity is higher inside wetland than outside. It was found that the wetland buffers nutrient and suspended sediment from the river water based on the river flow. People in the vicinity do not use the area sustains. They are over exploiting of resources. People who live in the closer proximities to wetland highly benefited from this forest. Also, agriculture and development activities are an eminent threat to biodiversity of wetland and changes of the composition and structure of the marsh land will ultimately affect the function, the value and the utilization of the wetland. Hence, it can be concluded that Gin river associated wetlands are every important for both biodiversity conservation and management and meeting socioeconomic needs of the local community.
